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Design
GENERAL
Use Load Factor design methods except for foofTing pressure and pile
capacity where the Service Load design method shall be used.

In some casess Service Load design method may be permitfted on widening
projects, see Sfructural Project Manager.

The termss Inftfermediate Bents and Pierss are fo be considered interchangeable
for this Manual Section.

DESIGN UNIT STRESSES (dlso see Section 4 — Note A1.1)

(1) Reinforced Concrefe

Class B Concrete (Substructure) fc = 1,200 psi  f'c = 3,000 psi
Reinforcing Steel (Grade 60) fs = 24,000 psi fy = 60,000 psi
n =10

Ec = W x 33 V£ c (AASHTO Arficle 8.7.1) (%)

(2) Reinforced Conrete (k%)

Class B1 Concrete (Substructure) fc = 1,600 psi f'c = 4,000 psi
Reinforcing Steel (Grade 60) s = 24,000 psi Ty = 60,000 psi
n =8

Fc = W% 33 Vf'c (AASHTO Article 8.7.1) (%)

(3) STructural Steel
Structural Carbon Steel (ASTM A709 Grade 36)
fs = 20,000 psi fy = 36,000 psi

(4) Pile Footings
For pile capacity. see Bridge Manual Sections 1.4 and 3.74. Also. see
the Design Layout i+ pile capacity is indicated.

(5) Spread Footing
For foundation material capacitys see Bridge Manual Section 1.4.
See the Design Layout fTor allowable footing pressure.

(6) Dverstress
The allowable oversfresses das specitied in AASHTO Article 3.22
shal | be used where applicable for Service Load design method.

(¥) Use W = 150 pcT, Ec = 60,625 Vf'c

(¥%¥) May be used for special cases, see Structural Project Manager.

Revised: April 2001 E7T101
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Design

LOADS
(1) Dead Loads
See Bridge Manual Section 1.2.

(2) Live Loads
As specified on the Design Layout.
Impact of 30% is fo be used for the design of beam. web supporting beam

and top of columns. No impact is to be used for bottom of column. tie
beam or footing design.

(3) Wind and Frictional Forces
See Bridge Manual Section 1.2.

A

Temperature and Shrinkage

The effect of normal and paral lel components to the bent shall be
considered. When bearings with high friction coefficients are used
(see Bridge Manual Sections 1.2 and 3.31) or for long bridge lengths,
the calumns and footings are ta be analyzed for moments normal to the
bent due to the horizontal deflection of the top of the bent.

(5) Buoyancy

I+ specified by fthe Sfructural Project Manager. or by the Design
LayouT.

(6) Earth Pressure

Bents are fto be analyzed for moments due fto equivalent fluid pressure
on colums and web where the ground |ine at time of construction. or
potentidal changes in the ground |ine. indicdate.

(7) Earthgquake

The design of all bridges in Seismic Performance Categeries A, Bs C &
D are to be designed by earthquake criteria in accordance with fthis
bridge manual.

(8) Special Stability Situations

When indicated by the Design Layout or by the Structural Project
Managers piers must be analyzed for special loadings as directed
(i.e., differential setfttlement).

(9) Collision

Where the possibility of collision exists from railroad fraffic, the
appropriate protection systems. for example Collision Wall, shall be
provided (See the Design Layout).

(10) Collision Walls

Collision walls are to be designed for fthe unequal horizontal forces
from the earth pressure., i+ the condition exists (See fthe Design Layout).

The vertical force on the collision wall is the dead load weight of
the wall (¥). [f a bent has three or more columnss, design the steel in
the top of the wall for negative moment.

X For footing design. the eccentricity dead load moment due to an
unsymmetrical collision wall shall be considered.

Revised: Dec. 1999 E7100
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DISTRIBUTION OF LOADS Destgn

(1)

(4)

(5)

Dead Loads

Loads from sfringers. girders, etc. shall be concentfrated loads applied
at the centerline of beéaring. Loads from supersfructure, such ads
concrete slab spans, shall be applied as uniformly disfributed |ocads.

Live Loads
Loads from stringers, girders. etc., shall be applied as concentrated

loads at the intfersection of centferline of stringer and centerline of
bent.

Wind and Frictional Forces

See Bridge Manual Section 1.2.

Temperature
Apply at the top of the substructure beam.

Farth Loads
(a) Vertical

Vertical earth loads on tie beams shall be applied as uniform loads
for a column of earth equal to 3 times the width of the beam. The
weight of earth for footing design shall be fthat directly above the
footing., excluding that occupied by The column.

The earth above the seal courses shall be considered in computing
pile loads. Refer to the Design and Dimension of fthe Pile Footings
porticn of this Manual Section.

(b) Horizontal
Web could be raised if the assumed
lmoﬁease the . T ks ground |ine indicates fthat earth
equivalent fluid N e .
pressure should be considered on

pressure if .
necessary due gé v the web. See the Structural Project

to earth slope - Manager .

Finished Ground Line

Moment at Botftom of Column =
[(45 pcf x BxH? )/2](H/3+A)(2.0) (%)

Where:
T 45 Ibs./cu.ft.= equivalent fluid
pressure
B = column diameter in drea under
TN T T | consideration.

Assumed potential ground surface

(*) A factor of 2.0 is applied to the moment to allow for the
possibility of the column resisting earth pressure caused
by the earth behind the column twice the column width.

Revised: Feb. 2003 3.71-02/25/03
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DISTRIBUTION OF LOADS (CONT. ) Design

(6) Earthquake Loads

The design of all bridges in Seismic P
are %? be designed by edarthguake crite
manua .

erformance Categories A, Bs C &
ria in daccordance with this bri

D
dge
(7) Seal Course

The wsight of the ssal course shall not be considered as contributing
to the pile loads, except for unusual cases.

Revised: Dec. 1999 ET100
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Design

TYPES OF DESIGN

Rigid frame design is to be used for fthe design of Intermediate Bents and
Piers.

See Manual Section 1.2 for application of loads and group loadings.

The joint between the beam and columns and web or tie beam and column.
is assumed fo be integral for all phases of design and must be analyzed
for reinforcement requirements as a “Rigid Frame”.

The joint between the column and footing is assumed fo be “fixed”,
unless foundation fexibility needs to be considered (consult Structural
Project Manager for fthis assessment).

I+ the distance from the ground |ine to the footing is large (K.
consideration shall be given to dssuming the calumn to be “fixed” at a
point below the ground |ine.

* When the distance from the ground |ine to fthe top of footing is 107
or mores the unsupporfted height and the fixed point may be medasured
from the bottom of the beam to the ground line plus 1/2 of the distance
from the ground Iline to the top of the footing.

UNSUPPORTED HEIGHT

Unsupported height is the distance from fthe bofttom of the beam to the
top of the footing.

SINGLE COLUMN

Use rigid frame design with the column considered “fixed” at the bottom
for all of fthe conditions.

COLUMN DIAMETER CHANGE

Use a change in column diameter as required by +he Design Layout or
column design.

COLUMN SPACING (TRIAL)
(Except Web Supporting Beam type)

Estimate center|ine—centerline column spacing for a two column bent as
72% of the distance from the centerline of the outside girder to the
centerline of the outside girder.

A three column bent spacing estimation s 44% of the centerline-
centerline outside girder spacing.

Revised: December 1999 E7100
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DESIGN ASSUMPTIONS Design
GENERAL
|
| \
| || I
f%‘*Q,Co\umm —= )
‘ | Const. Jt. ©
| | (Typ.) T
| D | 17 7] ©
! Tie Beam (%) ! - it
} | S 5
! i o
\ ‘ ¥ If specified on the J
! (oK) ! Design Layout or 2
see nexTt page. o
FRONT ELEVATION SIDE ELEVATION
¥¥% For column spacings greater tham 30-0"., tie beams are
not to be used, unless the web supports fThe beam.
(1) TYPE OF DESIGN
Use rigid frame design.
(2) CHOICE OF COLUMN TYPE
Use round columns for all bridgess unless ofherwise
specified on the Design Layout.
(3) NUMBER OF COLUMNS
Since The spacing of the columns will depend on the number
of caolumns used, a preliminary economic analysis should
be conducted before determining the column spacing.
For this analysiss, dssume the fTollowing rates:
Concrete = $365/Cu. Yd.
Class 1 Excavation = $ 50/Cu. Yd.
Class 2 Excavation = $100/Cu. Yd.
Piles = $ 28/Lin. Ft.
Reinforcing bars = 0Omit
Using the above rates determine the more economical
number of columns.
(4) COLUMN SPACING

Column spacing (fo the nearest 1") should be that which
produces balanced positive and negative beam moments.

A positive beam moment up to 10% larger than the negative
beam moment s accepTtable. For Load Factor Design, uUse
factored moments.

Column spacing should be established wifth dead |oads
and live loads on the sfructure. Column spacing may be
revised If other AASHTO loadings produce impractical
unbalanced beam reinforcement design.

Revised: December 2000 E5501
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DESIGN ASSUMPTIONS (CONT.) Design

GENERAL (CONT.)
(5) BEAM., TOP OF COLUMN. TIE BEAM

The beamss Tops of columns and Tie beams shall be designed for
vertical loads and maximum paral lel companents of harizontal forces.

Beam caps shall be designed so that service dead |load moments do

not exceed the cracking moment of the beam cap (AASHTO Article
8.13.3, Eg. 8-2)

Sidesway due fTo unsymmetrical loading shall be considered where it
affects fthe design conditions.

(6) DESIGN OF COLUMNS

Use AASHTO Article 8.15.4. for Service Locad design and AASHTD Article
B.16.4 for Logd Factor design.

For bi—-axial bending use the resultant of longitudinal and tradnsverse
momenTts.

(7) MINIMUM ECCENTRICITY FOR COLUMNS AND FOOTINGS
Apply minimum eccentricity fto columns and footings.
Use the formula e(min. )= 0.6+0.03Nn, see AASHTO Article 8.16.5.2.8.
[f minimum eccentricity controls the moment in both directions, it is

necessary to use the moment in one direction only for fthe fTooting
check.

(8) TIE BEAM

Use a t1e beam when specified or when the unsupported height exceeds
30’ . except as noted.

Do not use tie beams on grade separdations.

Do not use Tie beams when column spacing exceeds 30 . For this
situation, use a minimum column diameter of Kf,/25 (K =1.2) in lieu
of a tie beam.

(9) BOTTOM OF COLUMN AND FOOTINGS

The bottom of columns and footings shall be designed for vertical
loads and maximum normal and paral lel components of fthe horizontal
forces.

The footings shall be proportioned for the dimensions and for pile
loads, or for bearing pressure and the position of fthe resultant.
(See design and dimensions for footing).

(10) REINFORCEMENT

Reinforcement in beams, columns and tie beams for moments at the
joints shall be based on the moments at the face of the column,
beam or ftie beam (equivalent square, based on areas, for round
colums).

Revised: December 1999 E7100
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DESIGN ASSUMPTIONS (CONT.) Design

WEB

SUPPORTING BEAM

(1)

(2)

(3

(4)

(3)

|
\
! Const. Jft.
f’ ¢ Column ‘>‘ ////AkTyp,)Ax\\\\
\ \
i Web i
| |
I I
FRONT ELEVATION SIDE ELEVATION

TYPE DF DESIGN

Use rigid frame design.

CHOICE OF COLUMN TYPE

Use round columns for all bridgess, unless otherwise specified on the
Design Layout.

NUMBER OF COLUMNS

Use two or more columns,. as required for more economical design.

COLUMN SFACING

Space columns so that the negative moment in the beam over +the outside
columnis requires a beam depth of 3'-0" minimum. No afttempt should be
made to use a column spacing (Maximum column spacing equals 35 -0")
which produces equal positive and negative beam moments. The negative
moment is to be determined at fthe face of the column (equivalent squares
based on the area) for rigid frame design.

BEAM AND TOP OF COLUMN

Beam (cap and web) and +the top of the column shall be designed for
vertical loads and maximum paral lel components of horizontal forces.

Beam caps shall be designed so that service dead load moments do not
exceed fThe cracking moment of fthe beam cap (AASHTO Article 8.13.3: Eg.
B-2).

Sidesway due to unsymmefrical loading shall be considered where it
effects fthe design conditions.

Revised: December 1999 E7100
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DESIGN ASSUMPTIONS (CONT.) Design
WEB SUPPORTING BEAM (CONT.)

In analysiss web beams shall be modeled as plate elements. [+ the
ability to model a web beam as 4 plate element s unavailables the
following simplified model may be considered:

[) The web itself is made up of several tie beams (typically 4 tie beams)
The moment of inertia of individual Tie beam is equal To the momentT
of inertia of the web in the bent’'s ocut—of-plane direction divided by
the total numbers of tie beams.

Il) Any column segment which is connected to fthe web s treated as a
prismatic member with moment of inertia in the bent’'s out-of-plane
direction (1) equal to the actual columm moment of inertia in that
direction, and with moment of fnmertia in fthe bent’'s in-plane direction
(L) equal fo the fotal moment of inertia of web n the bent's Tn—plane
direction divided by the fotal numbers of columns plus the moment of
inertia of column itself. The equivdlent column didameter is dssumed
to be (641/m)%%.

3 170" 170" 35"

3-6"
7N\
N/

"

~| SECTIDN SHOWING 7
WEB & COLUMN

Web Beam

Web

Beam

SECTION SHOWING
WEB

FRONT ELEVATION

In the above example fThe moment of inertia of colum in fthe bent’'s
in—plane and out—-of-plane directions can be calculated as follows:

Out-of-plane: I, = 7(3.5x12)*/64 (in")

In—plane: I, = ((2x(17x12)x217)/12)/3 + 7 3.5x12)* /64 (in*).
The equivalent column diameter s then assumed fo be (641[/T)%%,
Thus column can be freated as a telescoping column and then fthe
moment magnifier or P—& slenderness effects can be calculated.

The web s made up of 4 tie beams. The moment of inertia of tie beam in
the bent’'s out-of—plane direction is: .= (21x(10X12)°/123/4 Cin*)

Revised: June 2000 D9835
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Design

DESIGN ASSUMPTIONS (CONT.)
WEB SUPPORTING BEAM (CONT.)

(6) MINIMUM ECCENTRICITY FOR COLUMNS AND FDOTINGS
Apply minimum eccentricity fo columns and footings.
Use the formula el(min.) = 0.6 + 0.03h. see AASHTO Article 8.16.5.2.8.

If minimum eccentricity contrels the moment in both directionss, it is
necessary to use the moment n one direction only for the footing check.

(7) COLUMNS AND FOOTINGS
The columns and the footings shall be designed for vertical loads and
the maximum normal and parallel components of horizontal forces.

(a) Design of Columns:

Use AASHTOD Article 8.15.4 for Service Load Design and AASHTO Article
8.16.4 for Load Factor Design.

For bi—-axial bending use the resultant of longitudinal and
transverse moments.

(b) Footings:
The footings shall be proportioned for minimum dimensions and for
the pile loads., or for fThe bearing pressure and the posiftion of the
resul fant. (See design and dimension for footings. )

Revised: December 1999 E7100
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DESIGN ASSUMPTIONS (CONT.) Design
CHANGE IN COLUMN DIAMETER

[
| ¢ Column N =
[ ' 2
| | 2
i | I o
! Tie Beam (%) ! . : : %
\ | ] 1 @)
[
const. Jt. T ! - Const. Jt. a
(Typ.) —| | R o =] 3
, (CRF) | &
| | _
[ I
FRONT ELEVATION SIDE ELEVATION

(2)

(3

(4

~

(5)

* Use tie beam if specified on the Design Layout or see next page-

¥k For column spacing greater than 30'-0" tie beams are not to be used,
unless fthe web supports The beam.

TYPE OF DESIGN

Use rigid frame design.

If H < 0.5H and no fie beam is used, the design may be done assuming
the entire column to have the smaller diamefer. This will result in a
very smal |l error.

CHOICE OF COLUMN TYPE

Use round columns for all bridges. unless otherwise specified on
the Design Layout.

NUMBER OF COLUMNS
Use two or more calumns, ds required for the more economical design.

COLUMN SPACING

Column spacing (fo the nearest 1”) should be fThat which produces
balanced positive and negative moments. A positive beam moment up
to 10% larger fthan the negative beam moment is acceptable. For Load
Facter Design. use factored moments.

Column spacing should be established with dead loads and Iive loads on
the structure. Column spacing may be revised if other AASHTO loadings
praoduce impractical unbalanced beam reinforcement design.

BEAM, TOP OF COLUMN, TIE BEAM

The beamss tops of columns and tie beams shall be designed for the
vertical loads and the maximum parallel components of the horizontal
forces.

Beam caps shall be dessigned so that service dead load moments do not
exceed the cracking moment of the beam cap (AASHTO Article 8.13.3.EQ.
8-2).

Sidesway due fto the unsymmetrical loading shall be considered where it
affects the design condifions.

Revised: December 1999 E7100
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DESIGN ASSUMPTIONS (CONT.) Design
CHANGE IN COLUMN DIAMETER (CONT.)

(6) DESIGN OF COLUMNS
Use AASHTO Article 8.15.4 for Service Load Design and AASHTO Article
8.16.4 for Load Factor Design.
For bi—-axidal bending, use fthe resulftant of fthe longifudindl and
Transverse moments.

(7) MINIMUM ECCENTRICITY FOR COLUMNS AND FOGTINGS
Apply minimum eccenfricity fto columns and footings.
Use the formula e(min.) = 0.6 + 0.03h, see AASHTO Article 8.16.5.2.8.
I+ minimum eccentricity confrols the moment in both directionss it Is
necessary to use Tthe moment in one direction only for fthe footing check.

(8) TIE BEAM

Use t1e beam when specified or when The unsupported height exceeds 30,
except as noted.

Do not use tie besams on grade sespardtions.

Do not use tie beams when the column spacing exceeds 30'. For this
sifuation. use a minimum column diameter of KQU/25 (k- =1.2) in lieu
of a Tie beam.

(9) BOTTOM OF COLUMN AND FOOTINGS

The bottom of the columns and the fooftings shal |l be designed for vertical
loads and the maximum normal and pardallel components of the horizontal
forces.

The footings shall be proportioned for the minimum dimensions and for
pile loads. or for the bearing pressure and the position of the
resultant. (See dssign and dimensions for footings.)

(10) REINFORCEMENT

Reinforcement in the beamss columns and fie beams for moments at The
joints shall be based on the moment at the face of the column. beam or
tie beam (equivalent square., based on areas. for round colurms)

Revised: December 1999 E7100
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DESIGN ASSUMPTIONS (CONT.) Design
HAMMER HEAD TYPE
FRONT ELEVATION SIDE ELEVATION

(1) TYPE QF DESIGN

Use rigid frame analysis.

(2) DESIGN DF BEAM CAP

Beam caps shall be designed so that service dead load moments do not
exceed the cracking moment of the beam cap (AASHTO Article B.13.3.

Eq. 8-2).

(3) DESIGN OF COLUMNS

Use AASHTO Article 8.15.4 for Service Load Design and AASHTO Article
8.16.4 fTor Load Factor Design.

For bi—axial bending. use the resultant of longitudinal and transverse
moments.

Revised: December 1999 E7100
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RIGID FRAME
NO TIE (WEB) BEAM Dimensions

A B
\ (%)
ol ¥
| | -
X | /
| [l D/
o || L | |¢
j _ 5
D D
FRONT ELEVATION SIDE ELEVATION
(1) Bsam
"A" = Length to be determined by the superstructure requirements or the
minimum support length required for earthguake criteria, to the
nearest 1”. Use square ends.
"B” = Width to be determined by the superstructure requirements, minimum
support length required for edrthquake criteria, or (column diameter
+ 6”) minimum. &7 increments().
"C” = Depth as required by design, 2'—6” minimum ond mo less than
column diameter. 3" increments (k).

(%) Ratio of beam width/beam depth, B/C, shall be < 1.25.

(2) Columns
0" = Column diameter, 2~6" minimum, 6” increments. (Use 3'-0" columns
when beam depth exceeds 3'-6").

"D"" = Beam width overhang:
CASE I - Beam width controlled by superstructure requirements:
Minimum D' = 3”s Maximum D’ = 6"
CASE Il - Beam width controled by minimum support lengfth required
for earthquake criteria:
Minimum D' = 3", Maximum D' = 15"
“L” = Spacing as determined by design with no limit, 1" increments.
"G" = Dverhang as determined by design with no |imits.
"H" = Column height as required by grade and footing elevations. Use

"

construction joint in column when H exceeds 35'—0

NOTE: Try to keep columns and beams the same size where possible for
Seismic Performance Cataegoeries B, C and D for economy of construction
and better earthqguake force distfribution.

Revised: Dec. 1999 E7100
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WEB BEAM
(WEB SUPPORTING BEAM) . Dimension

B
\ (%)
| o ¥
| O
T T T
| | o Ll
| X \ | D’
| ] | B (I
i = Il
! | T |
| \ (|
6| o T
| |
D ! D ] D
| |
FRONT ELEVATION SIDE ELEVATION
(1) Beam
"N = Length to be determined by the superstructure requirements or the

minimum support length required for earthquake criterias fTo the
nearest 1”. Use square ends.

"B” = Width ta be defermined by the supersfructure requirements, minimum
support length required for earthqguake criterias or (column diameter
+6") minimum, 6" increments().

“C" = Depth as required by design, 3'-0" minimum and no less than
column diameter, 3" Tncrements ().

(%) Ratio of beam width/beam depth, B/C, shall be < 1.25,
(2) Columns

“D" = Column diameters 3~0” minimum, 6" increments.
D' = Beam width overhang:
CASE 1 — Beam width confrolled by superstructure reguirements:
Minimum D' = 3", Maximum D' = 6"

CASE 11 — Beam width controled by minimum support length required
for earthquake criteria:

Minimum D' = 3", Maximum D’ = 15"
"L" = Spacing as defermined by design with a 35'-0" maximum. 1” increments.
"6" = Dverhang as determined by design with no Iimits.
"H" = Column height as required by grade and footing elevations.
(3) Webs
“T” = Web thickness., for a 3'-0" column, use T = column diameter: for
column diameter 3'—6" and over, use T = 0.5(column diameter).
“H”" = See boftom elevations of web given on the Design Layout.

NOTE: Try to keep columns and beams the same size where possible for
Seismic Performance Cataegories B, C and D for economy of construction
and better earthquake force distribution.

Revised: Dec. 1999 E7100
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TIE BEAM Dimensfons
A B
\ )
J'%
| | -
1 1 D/
| | L e %L "
| i =
| 1 - | I
| Tie Beam | T . :
| i 7
i 5 | . M
i i D
| |
FRONT ELEVATION SIDE ELEVATION
(1) Beam
“A" = Length to be determined by the superstructure requirements or the
minimum support length reguired for earthquake criferia. fo the
nearest 1”. Use square ends.
“B” = Width to be determined by fhe superstructure requirements, minfmum

suppert length reguired for earthquake criteria., or (column diameter
+6”) minimum, 6" increments(K).

“C" = Depth as reguired by design. 3'-0" minimum and no less Tthan
column diameter, 3" increments (%).

(¥) Ratio of beam width/beam depth, B/C, shall be = 1.25.
(2) Colums

“D” = Column diameter, 3-0" minimum. 6" increments.
“D'"" = Beam width overhang:
CASE T — Beam width control led by supersfructure requirements:
Minimum D" = 3", Maximum D" = 6"

CASE II - Beam width controled by minimum support length required
for earthquake criteria:
Mimimum D° = 3", Maximum D' = 157
“L" = Spacing as determined by design with a 30'-0" maximum. 1" fncrements.
= Overhang as determined by design with no Iimits.

= Column height as required by grade and footing elevations.

H

(3) Tie Beam
=
“H

L
nen

g

7"

= Tie Beam Thickness. minimum T = 0.5(column diameter ).
= See boffom elevations of tie beam given on the Design Layout.
Minimum H' = 2T(round to fhe next higher foot).

son

NOTE: Try to keep columns and beams the same size where possible for
Seismic Performance Cataegories B, C and D for economy of construction
and better earthquake force disfribution.

Revised: Dec. 1999 E7100
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TIE BEAM WITH CHANGE IN COLUMN DIAMETER Dimensions
A B
\ \ (%)
ol %
| | -
G| L LG D’
‘ == =< ‘ %Li D1
! D1 ! D1
| |
i | T
|| Tie Beam | | — ([
T —_
! l E= J
| D2 | D2 D2
| |
(1) Beam FRONT ELEVATION SIDE ELEVATION
“A" = Length to be determined by the superstructure requirements or the
minimum support length required for earthquake criteria. fo the
nearest 1”. Use square ends.
"B” = Width fo be defermined by fhe superstructure requirements, minimum

support length required for earthguake criteria, or (column diameter
+ 6”) minimum, 6" Tncrements(x).
“C" = Depth as required by design. 3'-0" minimum and no less than
column diameter. 3" increments ().
(*¥) Ratio of beam width/beam depth. B/C. shall be < 1.25.
(2) Columns

“D1” = Column diameter, 3'-0" minimum, 6" increments.
"D2” = Column diamsters. (D1 + 6”) minimum, see Structural Project Manager
for piers or clumns in stream charnels.
“D'" = Beam width overhang:
CASE 1 - Beam width confrolled by superstructure reqguirements:
Minimum D' = 3". Maximum D'= 6"
CASE 11 — Beam width controled by minimum support length required for

ear fhquake oriteria:
Minimum D' = 3", Maximum D'= 15"

"L"” = Spacing as determined by design with a 30'-0" maximum with tie beams
and no |imit without ft7e beams.

“G” = Dverhang as determined by design with no |imit.

"H"” = Column height as required by grade and footing elevations.

"H"" = Approximately 0.5H, fop of tie beam should be at fthe same elevaton

as the top of larger diameter columns in order to minimize the number
of construction joints. Top of tie beam may be located on the Design
Layout.
(3) Tie Beam
"1" = Depth as required by design. with a minmum of 3'-0", 3" increments.
"J" = Width as required by design. with a minimum of 1/2 of the colum
diameter DI1.

NDTE: Try to keep columns and beams the same size where possible far
Seismic Performance Cataegories Bs C and D for economy of constfruction
and better earthquake force distribution.

Revised: Dec. 1999 ET100
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HAMMER HEAD TYPE

Dimensions
L B
\ \ %)
’70 %
s [
4 o
. 0’
a
T
D
FRONT ELEVATION SIDE ELEVATION
(1) Beam
"A" = Length to be determined by the superstructure requirements or the
minimum support length required for earthquake criteria. to the
nearest 1”. Use square ends for beam.
“B” = Width to be determined by the superstructure requirements. minimum

support length required for edrthquake criterid. or (column width
+ 6" minimums 6" increments(k).

“C" = Depth as required by design., 2'—6" minimum and no less than colum
width, 37 ifncrements (k).

"E" = Depth as required by design (see "F”)

"F” = Angle as required by design (20 degrees maximum)

(¥) Ratio of beam width/beam depth, B/C, shall be < 1.25.
(2) Column

“A" = Length as required by designs approximately L/3. Use round ends
for column.
“D"” = Width as required by design with a minimum of 2'-6",
6" increments.
"H" = Height as required by grade and footing elevations.
“D’” = Beam width overhang:
Case I - Beam width control led by superstfructure requirements:
Minimum D' = 3"
Maximum D' = 6"
Case II - Beam width confrolled by minimum support length required
for earthquake criteria:
Minimum D' = 3"
Maximum D' = 15"

Note: Try to keep columns and beams the same where possible
for seismic performance catagories B, C, and D for economy of
construction and better earthquake force distribution.

Revised: Dec. 1999 E7100
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SUBSTRUCTURE BEAM DVERHANG OTmensions

Bottom of

Roadway Slab

Top of Infermediate Bent beomJ//%

(k)
(Typ-)

D D

PART ELEVATION (k)

(¥) Slope 1/8" per foot for drainage.

(k) When substructure beam extends beyond the slab as shown.
slope end of beam to drain water.

Revised: Dec. 1999 ET100
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Detalls
COLLISION WALLS
STRUCTURE OVER RAILROAD (TRACK ON ONE SIDE OF BENT)
B
‘ ‘ @ﬂ
| F"“*Q Cal. (Typ.)
N | Q | i
A ‘ 12°0" (Min. ) ! A @
! | 127 (Min.) 6
\ (Typ. )
BN BE % Top of
Ll ® o  © ratl
N o BY el \
R C I !
N 2 BY D\W
) N o d
a ~oda
\ g ‘ Trook
! ELEVATION ‘ SECTION B-B
| |
T I
ah D s
@ | S | @
[~ ——
TRACK SIDE
SECTION A-A

These details are typical for bents with two or more columns.

Column faces located within 25-0" of the centerline of track shall
meet standards specified in part 2 of chapter 8 of fthe AREA Manual ().
except as modified in this manual. Certain railroads have specific
requirements that also must be complied with. Check the Preliminary
Design Layout data.

() For column spacing over 25-0", see Structural Project Manager.

@ 6-0" Minimum for colums from 12-0" to 25-0" clear from the center-
| ine of the fracki: 12-0" Minimum for columns less than 12-0" clear
fram the centerline of the +rack.

©) In general, the collision wall shall extend to at least 4-0" below the
lowest surrounding grade. For spread footing on rock the collision
wal | may extend fo less than 4-0" below fthe lowest surrounding grade
with railrocad’s concurrence. Top of footing elevations should
correspaond with bottom of callision wall.

7

@ Diameter of Column 2
Width of Collision Wall |3-0"

6" 3-0" 36" and over
(KK | 36" (k%) 26" (Min.)

-k AREA: American Railway Engineering Association

¥k To facilitate construction, match the back face of collision wall
to the face of column.

Revised: February 1999 D7110
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Details
COLLISION WALLS
STRUCTURE OVER RAILROAD (TRACK ON BOTH SIDES OF BENT)
rB
| | Ol
| <& Col. (Typ.)
B ! -
A ‘ 120" (Min.) ‘ A Colum
‘ ‘ diameter + 127
‘ 12" (Min.) g
\ (Typ.) (Typ.)
| \\ \\ | | Top of
[l w [ | rail (Typ.)
1 o BY o
I N Il BN
BN g ey ||
[ | \ \ ‘ \ Iy d
R L1 ® b \
| |

¢ Rai lroad
LB Track (Typ.)
| ELEVATIDN ' SECTION B-B

Column diameter + 127

SECTION A-A
These details are tftypical for bents with two or more columns.

Column faces located within 25-0" of the centerline of track shall
meet standards specified in part 2 of chapter 8 of the AREA Manual (),
except as modified in this manual. Certain rafllroads have specific
requirements that also must be complied with., Check the Preliminary
Design Layout data.

M  For column spacing over 25-0", see Structural Project Mandager.

®@ 6-0" Minimum for columns from 12-0" o 25-0" clear from the center—
line of the track: 12-0" Minimum for columns less than 12-0" clear
from the centerline of fthe track.

® In general, the collision wall shall exftend to at least 4-0" below the
lowest surrounding grade. For spread footing on rock the collision
wall may extend to Tess than 4-0" below the lowest surrounding grade
with railroad’s concurrence. Top of footing elevations should
correspond with bottom of collision wall.

* AREA: American Railway Engineering Association

Revised: February 1999 D7110
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Details

COLLISION WALLS
STRUCTURE OVER RAILROAD (TRACK ON ONE SIDE OF SINGLE COLUMN BENT)

B
| i
%7@ Col. (Typ.)
6-0" Mino| | 620" (min.) 10
|
B \ I
A | A 7S]
‘ “ B Top of
[ © | () rail
e y \
I 7T :
s | g W
[ e d
\‘\ Q 171 >1 . Fg\\\\:>
Ral lroad
g L__L_J Track
ELEVATION SECTION B-B
\
TN
<: ® | 75 :>
L 1T
| ©
TRACK SIDE
SECTION A-A

These details are ftypical for bents wifth single colum.

Column faces located within 25-0" of the centerline of track shall
meet standards specified in part 2 of chapter 8 of the AREA Manual ().
except as modified in this manual. Certain rafllroads have specific
requirements that also must be complied with. Check the Preliminary
Design Layout data.

M 60" Minimum for column from 12-0" to 25-0" clear from the center—
line of the tracks 12-0" Minimum for column less than 12-0" clear
from the centerline of the track.

@) In general. the collision wall shall extend to at least 4-0" below the
lowesT surrounding grade. For spread footings on rock the collision
wall may extend to less than 4-0" below the lowest surrounding grade

with railroad’s concurrence. Top of footing elevations should
correspond with bottom of collision wall.

©) Diameter of Column 2-6" 3-0" 3-6" and over
Width of Collision Wall |3-0"(k%)|3~6" (%) 2-6" (Min.)

* AREA: American Railway Engineering Association

*¥ To facilitate construction, match the back face of collision wall
to the face of column.

Revised: February 1999 D7110




Bridge Manual
Open Conaete Intermediate Berts axd Piers — Section 3.71
CONSTRUCTION JDINTS AND KEYS

Page: 3.2-1

Details

el
~
O
Keyed Const.
Joint (When L,
req’d.. see O
below) E—
T J
o
— Const. Joint
D
Typical Construction e D/3 (Typical)
Joint for Tie Beams

and Col lision Walls /

o

e
Keyed Const.
Joint (When =
req’d., see [ —
below) I

— Square Key
L] [Typical)
. Const. Joint
2

/ Const. Joint

(]

PART ELEVATION

When the fotal length of bearing beam exceeds 60'—-0". use a keyed
construction joint at ¢or near a 1/4 point between columns in the bearing
beam and fie beam.

For column height greater than 35'-0" with no tie beam or collision wall,

place the construction joint at approximately the mid-point of the column
height.

Revisad: Dec. 1999 E7100
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Details
CONSTRUCTION JOINTS AND KEYS(CONT.)
8§ | | | |
>
}: [u] O [u] [u} [u} [u} [u} O O /_l [u]
?J Const. Joint )
Keys T/3 x 12"
\omg @ abt.
2’-0" cts. from .
¢ Col. to & Col. Const. Joinf o -
o ie%/g/B x 2 Tie Beam
D X‘ (=} o
Const. Joint [ Const. Joinf Const. Joint /
/' Key D/3 x 2 (As required) (he required)
X D/3
= Web ihickness BENT WITH TIE BEAM
BENT WITH WEB BEAM
Const. Joint
rKey D1/3 x 2"
D1 x D1/3 D1
o ) o
Tie Beam
(=}
Const. Joint
02 rKey D2/3 x 2" D2
x D2/3
CHANGE [N COLUMN DIAMETER CHANGE IN COLUMN DIAMETER
(WITH TIE BEAM) (NO TIE BEAM)
D/3
=
- O O O OyO O
f Note: Use a keyed const. joint in the
~ tie beam and beadr ing beam when the
length of bearing beam exceeds 60°—0".
(At or near the 1/4 point befween
columns. )
" . Const. joint
b flMin. ) Keys D/3 x 12”
(Typ.) long @ abt. 2'-0" cts.
D = Column thickness
(See Sec. 3.71 page 2.3-1)

|uuuuuu

HAMMER HEAD

Revised: Dec. 1999

ET100



Bridge Manual

Open Concrete Intermediate Bents and Piers-Sec.3.71 Page: 3.3-1
OPTIONAL SECTION FOR COLUMN-WEB BEAM JOINT (%) Details
Web Beam D
A A
v__ __v Tie Beam A
D W

Al
] - - ]

BENT WITH WEB BEAM BENT WITH TIE BEAM
¢ of Web Beam Detail “A”
or Tie Beam é ¢ O$°WGB Beam
__L_W r—l—— or Tie e@mr————
=) ,1'¥:&Uliig’i,i§«,i,i&,| | {*"’,&L\}ig«i,iai,ix‘«, &,
N gﬂ] f.3 z 3 g QK‘\ ) & P2 z 'm\l Z
\ K i
¢ of Col. ¢ of Col.
& Footing /% & Footing
SECTION A - A b OPTIONAL SECTION A - A
¢ of Col ¢ of Web Beam
or Tie Beam
ol j
O ol
£
o
fa
®CD
=0
%VE
DETAIL "A" ©ls
C
+ &
| o
o | ©
gﬁﬂ
Ds Column Diameter (inch)| 42 48 54 60 66 12
Wid+th of Web Beam (inch) 21 24 27 30 33 36
Width of Tie Beam (inch) 21 24 27 30 33 36
a (inch) 9 10 11| 2L | 14 15
b (inch) 105 | 12 135 15 16% 18

Place the following note on plans when using Optional Section A— A.

Note:

AT the contractor’s option, the details shown in Optional Section A—A may be used
for Calumn-Web Beam or Tie Beam at Infermediate Bent No._. No addfional payment
will be made for fhis substitution.

(%) Bent with fTwo calumns is shown, bents with three or more columns are similar.

New: April 2001 ET101



YoIDN :pesiAsy

6661

biiLa

()

v a U stirrup
b e Use even bar
51° Negative moment bars Y Sovber of
o Ko @~ |pars on
O~ . square
9 B A 45 |bents 1f T
e az possible s el
wlg 1 / (Typ.) s s
— | /f j o
| . P
I [ ego+\ve moment STirrup
i ( bars(C—) bar () « .
| <y
| 2—#6 bars " L\v//““J
= (Straight) 6" | |_—
Keyed const. 2\ (Max. ) (Typ.)
Note: joint —— ! SECTION A-A PART SECTION B-B
ghep o g of | L _Positive moment bars (Case 1) (Case 1)
va%gie;%eé?gfeabemf ! (Use straight bar)
a1l reinforcement ' A kK Beam width control led by
located entirel .B minimum support length
; . Y - required for earthguake
within fthe beam or [=<—1— ¢ Colum 3 Use even criteria
extending infto fthe = < g '
beam shall be epoxy <:;:?\_,/ N number o
coated. See section 3.35 | L/4 + eff. "a” A bars on
page 5.4 for detfails of | © ~ sguare
; . (But not less than . bents if )
gTS;?ﬁg‘iipoggféggma:g theoretical cut—off o % Dossib;e U stirrup
draim + development length) as (Typ.) bar <3
* N — Y
E 22" Leg PART‘ELEVATION oY =—=—Double \Sj
. P [ stirrups
| ‘ = s required(sk)
8 // i ) . <3 ! P
g i . ) ( P 9" thru
\ | = 15" (Max.)(Typ. ) (KK)
£ A | } SECTION A-A PART SECTIDN B-B
—= (Case 11) (Case 1)
") Note:
Provide the above section B-B (Cases [ & I1)
PART PLAN for all Infermediate Bent beam caps for
stirrup steel directly over the columns.
¥ Minimum stirrups = #4 at 12" cts., maximum stirrups = #6 (Dbl.) af 6” cts.

spacing of 5” for single stirrups (6”7 for double sTirrups)
All stirrups in the beam fo be the same size bars.

Locate the #4 pbars ( ) under the bearings if required.
structures).

Use a minimum stirrup
and a maximum sTirrup spacing of 12”.

(Not required for prestress double—tee

dVO WV38 40 LN3IWN3JHOINI3N

IVH3INIO

|1°C *08S - 54614 PUD Sjusg 4D |paWIotuU] 846.40u0) uedg

$UsWBo 04U | 8Y

|-}y :6bDd

| DNUDK ©6p 11§
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GENERAL (CDNT.) Reinforcement
COLUMN
SEISMIC PERFORMANCE CATEGORY A _
+ Q
wl|=
\
S —
ik X
Keyed const.
joint

2O

=

- B

O| w

o +

D o

-

o =

oo © Note: All reinforcement

o} ) located entirely within

21 5 s the beam shall be epoxy

] — coated when on expnsion

E 0 o g device in slab is located

o| Qo o i over the bent.

4+ | a 0——

- — g

© a — <

g 85<

o| C %

2| = o= ¢ \_,/KEZ:>

|5 Bas

Ak eas >

3%%% See column reinforcement
510 this manual section.
[
W

Keyed const.
PART ELEVATION joint

(¥X)Check development length charts (Section 2.4) for when to hook column
steel .

(kk)Use splice only when reguired.

Revised: Dec. 1999 E7T100
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Page: 4.1-3

Open Concrete Intermediate Bents and Piers - Sec. 3.71
GENERAL (CONT. ) Re Inforcement
COLUMN (CONT.)
SEISMIC PERFORMANCE CATEGORIES B, C. & D
See page 3.1.7-6 of Section 6.1 Seismic Design.
SD001

Revised: April 2000
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GENERAL (CONT. ) ReTnforcement

COLUMN (CDNT.)
SEISMIC PERFORMANCE CATEGORIES Bs C. & D(CONT.)

STIRRUP BAR DETAILS

See page 3.1.7-7 of Section 6.1 Seismic Design.

Revised: April 2000 SD001
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GENERAL (CONT. ) Reinforcement
FOOTING
SEISMIC PERFORMANCE CATEGORY A

s
Y.

Use fthe same as
//////Agico\umm reinforcement.

(60

T
X
\J /
© Keyed const.
© joint
02
Q-—
~|§o
Zigo PART FOOTING ELEVATION
S|oe
[ON&)
[
~x O
[ONe]
[0}
.
[GNe)
— 4=

Notes:

See this Manual Section for footing reinforcement not shown.

* Check development length charts (Section 2.4) for when fto hook column
steel.

*% See lap splice class C, Bridge Manual Section 2.4.

Revised: Dec. 1999 ET100
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GENERAL (CONT. ) Reinforcement
FOOTING (CONT.)
SEISMIC PERFORMANCE CATEGORIES Bs C, & D

See page 3.1.7-8 of Section 6.1 Seismic Design.

Revised: April 2000 SDO01
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Open Concrete Intermediate Bents and Piers — Sec. 3.7T1

Page: 4.1-7

GENERAL (CONT.) Reinforcement
WEB BEAM For cantilever porfion STirrup bars gfirrup
of beam reinforcement, (Same size and spacings ar
ses this manual section. g{ L;ShGDed bars in web
eam
¢ Column——= 2
{7 P—
< @ \ O
Ol —~
o NE | > 2
—Z ‘ a8
5| . . f | S )
D“i(ﬂ 1" 1"
o+ ! L/4 + eff. "d
oo \ (But not less _
A F _%» o= ——— Than theoretical ; o
?/ ! (/cuffoff + Wl ox o9
. development — Y g
2-#6 bars (Straight) length) = | s dE
2 O
4-#6 bars (Straight) (a) L -Shaped o
‘ bars i
Keyed const. joint £> 12 o
| (Typ.) 5
Note: ! s — -
When an expansion device | > b > 3 ? bars] [ =
s used at an intermediate ‘ ars (Min.) -
bents, all reinforcement T ) PART SECTION
located entirely within ! By design ,
the beam or exfending | (3-#8 bars min.)
into the beam shall be ‘ By design 4]
epoxy coatfed. See section — (#4 | -shaped bars at 127 =
3.35 page 5.4 for details CZESX\_// cts. min.) (each face) gvr
of protective coating and [ i
sloping top of beam to drain. | Note: See The preceding t:%z
pages for reinforcement =
PART ELEVATION Aot shown. gggg
See column > =
reinforcement —(& see column ¢ 660
reinforcement 4 0
\\ 0 C+
O+
- < =
: - 8. ° . e
cCl N |~ | O C oL
9|y = Ol o I wEar
5|0 L|o = f. l
Q|._ - O|.— — 000D
x|'a o et —_— —oc-
3] — ¢ [
P /k XE — <\r
= See column
8] O
2 o reinforcement  © g ~ 3 —— "
3] -
Clc H-See column s —
4 8 reinforcement a0 E%%%%%;
A S s I
<2 <] v - | B -
- U U U U =
VARIABLE DIAMETER COLUMN CONSTANT DIAMETER COLUMN
SEISMIC PERFORMANCE CATEGORY A SEISMIC PERFORMANCE CATEGORIES B, C & D
(1) For seismic performance category A: see development length (other than

top bars) or standard hooks

in tension,

Ldh, in Bridge Manual

Section 2.4.

For seismic performance categories B

development length

C & D:
(other fthan fTop bars)

or the standard hooks

increase by 25% the
in tensions

Ldhs Tn Bridge Manual Section 2.4.

(2) For seismic perftormance category A: see |ap splicess class Cs in Bridge
Manual Section 2.4.

(3) For seismic performance categories B, C & D: see Bridge Manual Section
6.1 fTor spiral lapping and fermination requirements.

(4) See development length (other fthan fTop bars) or standard hooks in
tension. Ldh., in Bridge Manual Section 2.4.

Revised: Mar. 2002

E7103
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GENERAL (CONT. ) Retnforcement
TIE BEAM - SEISMIC PERFORMANCE CATERGORY A
_—=
@)
@)
¥ () N
- — \ op
== + O * -~
Keyed const. 5 g ™~
joint Ex - o]
OR w . =
o + 0 V.S -
[ 08 o b
2—#4 Bars (Min.) PEC
\ CZ(\J£ .
EIPRRRCH I e R
Pk Keyed const. LS8 A
joint c.— g - X
—nN= Dﬂ g
—Z IN ] Gow . =
(KKK ()
#4 Stirrups @ 12" ctfs. C)
© (1f depth of tie beam
- exceeds 1/2 column #4 Stirrup
N quc%mg.'useb([j ) bar
VTEH/W orcwﬁg arss TIE BEAM
PART ELEVATION '™ ©9¢h foee.) SECTION (TYP.)
- ®
¥ ()
i ‘ (DsSee column reinforcement
= f=—= Y \ this manual section.
i () C)By design. Min. 3-#B8 bars
- (Hook ¢ D if reqguired for
bond)
2—#4 Bars (Min,) C)By designs Min. 3-#8 bars
\ (HookK ( ) if required for
4 bond)
o \k*%%) \w
o \
3 | /
T+ =—
oc { kK ) ®)
O
X

#4 Stirrups @ 12" cts.

@) [1f depih of Tie beam
exceeds 1/2 column
spacing., use ([])

\~_~/<Eii:> reinforcing bars.

in each face.)
PART ELEVATION(TIE BEAM WITH CHANGE IN COLUMN DIAMETER)

X See development length (Top bar) in Bridge Manual Section 2.4.
*% See lap splice (Class C ) in Bridge Manual Section 2.4.
KKk See development length (Ofther than top bars) in Bridge Manual Section 2.4.

Revised: Dec. 1999 E7100
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GENERAL (CDNT.) Reinforcemsnt
TIE BEAM —SEISMIC PERFDRMANCE CATERGORIES B, C & D
@
|
N
% @
~ () C)
l o= N \ = _
# Stirrup || B NI
bar - g
Qﬂ -
By design r
Keyed const.
> 2-#4 Bars
Joint ——— <Z<M-m'> (// o S)
4 b —
d%* ) ®) o'
\ B 2
I\ / . -
‘ ) | #4 bars @ 12" cts.
% ([ depth of tie beam ©)
exceeds 1/2 calumn
- spacing. use ([_])
reinforcing barss
@ in each face.)
TIE BEAM
D SECTION

PART ELEVATION

C)See column reinforcement
this manual section.

C)By designs Min. 3-#8 bars
(Hook ¢ D if required for
bond)

()By design, Min. 3—#8 bars
(HookK ( ) if required for
bond)

(@) skin reinforcement by
design. Min. #4 bars
@ Max 12" cots.

% See development length (Top bar) in Bridge Manual Section 2.4.

>k 1/4 Column height (Lap splices of vertical column reinforcement are
not permitted within this length).

*¥% See development length (Other than top bars) in Bridge Manual Section 2.4.

Revised: Dec. 1999 ET100
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GENERAL (CONT.) Reinforcement
TIE BEAM —SEISMIC PERFORMANCE CATERGORIES B, C, & D (CONT.)

.

)
% ()
T— T - Ll
~ — N \ s Al -
i # Stirrup || 5T ol x
—~ bar —| 8
7S %
L
Keyed const.
jo?mf - 2—#4 Bars . ©
(Min.) L g
(‘#@%K) sl %
‘ D =
— T \ I (] [ ] —
A (kK © ®
%i @ #4 bars @ 12" cts. TIE BEAM
7 (1f depth of fie beam SECTION
exceeds 1/2 column
spacing. use ([])
reinforcing bars,
Z in each fagce.)

PART ELEVATION (TIE BEAM WITH CHANGE IN COLUMN DIAMETER)

(DSee column reinforcement
this manual section.

C)By designs Min. 3-#8 bars
(Hook ¢ D I required for
bond)

()By design. Min. 3-#8 bars
(Hook ( it required for
bond)

(@) Skin reinforcement by
designs Min. #4 bars
@ Max 12" cts.

* See development length (fop bars) in Bridge Manual Section 2.4.

*k For seismic performance categoeries B, C & D: use greater of class C
lap splices In Bridge Manual Section 2.4 or 60 bar diameters.
KK See development length (other than top bars) in Bridge Manual Section 2.4

¥¥kk%k 1/4 Column height (Lap splices of vertical column reinforcement are
not permiftted within this length).

Revised: Dec. 1999 E7100
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RelInforcement
GENERAL (CDNT.)

REINFORCEMENT OF COLLISION WALL FOR STRUCTURE QVER RAILROAD

A
7'
75 [at 18" Cts. (Track side ﬁ
5~
#5 at 18" Cts. P L%
(Other side) 5o (k) 7
. i)
(%) s [7 -
co 29|yt ©g
= e 5 P
S 25 T |BT z/)
L~ -9 a
LT . .loo ;Qw
5l o By design g|Eo
50 52#6 bars a5 . L]
£+ (Min.) N QO AT
() — >N 13
¥ 85
c #5 gt 18" Cts-
L____J la L____J | | (Track side)
ELEVATION SHOWING By desi 5-#5 (Min.)
RE INFORCEMENT s Sesian n
SECTION A-A
TRACK ON ONE SIDE OF BENT
rB
7R
#5 at 18" Cts. é
B (Each face) O~
p < 8
5 s oy
(€3 - N /
D w 56
- T 5% — j. . . mg
N xs} t - t v -
S 5/\ > 76 Q _’>.<\ /
Z 0D By design [oAv}
5 .9 5—#6 bars 9 E® ¥ |
]‘L:? £+ (Min.) %) SQ i; -
© , al— > b
y #Vs— N
- . .
By design 5—#6(Min. )
g 1l 1] By desig |
ELEVATION SHOWING SECTION B-B
RE INFORCEMENT

TRACK ON BOTH SIDES OF BENT

(%) Design and use negative moment reinforcement for bents with fthree
or more columns (5-#6 bars minimum).

Reinforcement shown is in addition to column reinforcement.

Bent with two columns is shown, single column bent and bent with three
or more columns are similar,
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COLUMN REINFORCEMENT Reinforcement
Min. Reinf.
o= () ®
2'-6" 9 — #8
3'-0" 13 — #8
3/ —" 18 — #8 () D = Column Diameter:
40" 23 - *8 <:> = 1% of column gross area.
4" -6" 29 — #8
5'-0" 29 — #9
5'-6" 35 — #9
6" -0" 41 — #9

Note: Use minimum of 1% of gross area of column See AASHTO Article B.18.1.2.
Use minimum size bars to save on development.

SEISMIC PERFORMANCE CATEGORY A

Footing Dowl

Footing Dowl

Column Reint.

Column Reinf. #4 Stirrup Bar

ALTERNATE ()

(*) Use only with approval of Structural Project Manager and then design
column reinforcement using the smaller ring diameter.

SEISMIC PERFORMANCE CATEGORIES Bs C & D

Footing & Column Reinforcement

Spiral Bar or Wire

SECTION THRU COLUMNS
(NEAR TOP DF FOOTINGS)

"A" = 4-1/2" Minimum spacing cfs. fo cts.

"B" = 2" Clear for bar sizes fthru #10. 2-1/2" Clear for bar sizes #11,
#14 and #18.

Revised: Dec. 1999 E7100
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COLUMN REINFORCEMENT (CONT.) Reinforcement
BENDING AND DIRECT STRESS - DESIGN

1)

Lateral Reinforcement

See this Bridge Manual Section to check slendsrness effects in columns
and the moment magnifier method of column design.

(i) Seismic Performance Category A

Columns shall be reinforced and analyzed as “Tied Columns” - AASHTO
Article B.18.2.3, unless excessive reinforcement is required, in
which case spirdls shall be used. (AASHTQ Article 8.18.2.2.)

(i) Seismic Performance Categories B, C & D
Spirals are required when the bridge is Iocated in SPC B. C & D.
8.15.4 for Service Load Design and AASHTO Article
cter Design.

Charts
See Bridge Manual Section 1.5 (Ultimate Strength Concrete Designl.

Bi-Axial Bending

Use the resulftant of longitudinal and ftransverse moments.

Computer Program

(Ultimate Strength Design - BR138)

This progrdam may dlsce be uUsed for the design of columns under Service
Load Design by using a |load factor equal fto 2.86 and PH1 equal to 1.0
(AASHTO Article 8.15.4.)

Revised: Dec. 1999 E7100
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COLUMN REINFORCEMENT (CONT.) Reinforcement
SLENDERNESS EFFECTS IN COLUMNS
Slenderness effects should be included in the column design i+ the

unsupported lengths, Jus s greater than 22r/k in which r = radius of
gyration of column cross section.

The slenderness effects shall be considered by using either the rigorous
P—-8 analysis or the Moment Magnifier Method given in AASHTO Article
8.16.5.2. with consideration of bracing and non-bracing effects.

Note:
Use of the moment magnifier method is |imited To members

with klu/r £ 100, or diameter of column 2 (kQu/25)

en g compression member is subjected to bending in both principal
irecti OﬁSv the effects of slenderness should be considered in each
frecti independent|ly.

Instead of calculating two moment magnifier., &, and 8&s. and perfoerming
two analyses for Mz and Mzs in accordance with AASHTO 8.76.5.2, the
following conservative, simplified moment magnification method in which
only @ moment magnifier due to side way., 8s. analysis s required:

a.) Column moment parallel to the bent in-plane direcfion:
>
J N Calumn element coordinate
=i ) system = (x. y & z)
X =
4
S 7
Figure 1. Typical Intermediate Bent
Mey = Bay May 1)
Where
Mey = Magnified Column moment in the y direction for design.
My = Value of larger column moment in the y direction due to
AASHTO group loadings.
By, = — &> 1.05 Cm = 1.0 (2)
~ ZPc
= moment magnification factor for sidesway:
Pu = applied axi G\ design load at a column;
Note: Under Service Load Design the fterm Pu shall be 2.5 times the axial
load with @ = 1.0.
T Ely
Pc = PIE (3)

= Euler buckling load

an be caloculated in daccordance with AASHTO 8.16.5.2 with consideration
ead load effect (i.e. Byq)s

Qu = Top of footing to fop of beam caps
k =2.0 for prismatic column on bridges with expansion devices

= 1.2 for prismatic column on bridges without expansion devices.

Revised: Dec. 1999 E7100
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COLUMN REINFORCEMENT (CONT.) Reinforcement
| |
| |
| |
I
k = 2.0 k =1.2
for design for desfign

Figure 2. Boundary Conditions for Column

b.) Column moment normal fo the bent in-plane direction:
Mez = Bsz Mz (4)
Where
Mgz = Mc?ni$(ed Column moment in the z direction for design.
My, = Value of larger column moment in the z direction due to
AASHTD group |loadings.
Bay = — M > 1.0: Cm = 1.0 (5)
sy = spg 2 1.0 m = 1.

1= 25Pc

= moment magnification factor for sidesway.

SPU = Summation of individual column axial design loads for a
specific group loading. (i.e. Group 1 max. axial)
2Pc = Summation of the individual column Euler buckling |oads.
TElzZ
= 3— (6)
(kpu)?

U = Top of footing to bottom beam or tie bedam and/or fop of fTie beam
to bottom of beam

K = 1.2 for prismatic column.

kK =1.2
for design

Figure 3. Transverse Bent Movement

Revised: Dec. 1999 E7100
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COLUMN REINFORCEMENT (CONT.) Reinforcement
For ftelescoping columnss, the equivalent slenderness factor. k., and
equivalent moment of inerftia, 1, can be estimated as fol lows:
— 200 ln

a.) 1 = L (1)
Where 4. and 1. are the length ad moment of inertia of column segment
n ds shown in Figure 3. L s fthe fotal length of telescoping column.

&

—
<

Figure 4. Telescoping Columns

b.) Equivalent slenderness factor Kk:

[.) Elastic buckling load., Pcs for fixed-fixed condition:

3
—
5
From Egq. (B)s, Tind Pc:
(01+<12)[d1+d27Pc(i—‘+E—z)]7[01702]2:0 (8)
Where
4E T . _4ETL
a, :va ds; 7TZ2
o, =—HEl c, —5bEDL
1 &12 ° 2 122
4. =12EL . 4 12E L
1 &13 M 2 123
From Egs. (3)., (7) and (8)

Revised: Dec. 1999 E7100
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COLUMN REINFORCEMENT (CONT.) Reinforcement

[[.) Elastic buckling load., Pc. for hinge—fixed condition:

Ios 2

‘ [s 4

From Eq. (10). fTind Pc:

(ay +a; ) [dy +d; ~Po(4- +4)](a; 142b, 65 (0, =0y )
|

2
—(b,) [d,+d27Fc<£—1+szJ -(a,)[c,-c,]%=(c,)%(a,+a, =0  (10)
Where
_2EL . _2FL
by =g i b =g
and 4, s d,s Gy s Cp,s dy and d, are defined in Eg. (8)

Substitute Pc from Eg. (10) into Eg. (9) to obtain K.

[II.) Elastic buckling

(] loads Pc, for fixed-fixed with lateral
movement conditions:

R I I P
<
N _
3
From Eq. (11). find Pc:
[(d,+d, - % “Polg- +1] [dzf%Z—Pmﬁw
~[-dp v S22TE wpoc )] E=0 (11)
Where
d,s 4+ Cy;s C,» d, and d, are defined in Eq. (8)
Substitute Pc from Eg. (11) into Egq. (9) to obtain K.

Revised: Dec. 1999 E7100
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COLUMN REINFORCEMENT (CONT.) Reinforcement

[V.) Elastic buckling load. Pc. for fixed—-free with lateral
movement condition:

oy
—
iy
From Eq. (12). fTind Pc:
_ 1 Ay A _Pc_ Asqy_g_ Pc_ Aeq2z _
[dy +d, Pc(&+£21 B][dz 1, B] [d2+2 1%=0 (12)
in which
B = (a,+a,)(a,)=(b,)?
Ay = (cy—cy) a8, —cy0+b,c, ] +e, [Dy (e =, ) +c, (a, +a, )]
A, = (cy—c,)[c,a,-b,c, |+c, [byc,—c, la;+a, )]
Ay = (Cy ) [c,0, 2D, Gy +C, (a4 +a, ) ]
Where

Qs dps bya by,s c;v Cs dy and d, are defined in Egs. (8) and (10)

Substitute Pc from Eqg. (12) into Eqgq. (3) to obtain kK

Revised: Dec. 1999 E7100



Bridge Manual

Open Concrete Intermediate Bents and Piers - Sec. 3.71 Page: 4.3

-1

HAMMER HEAD TYPE Reinforcement

Use double stirrups if req’d. @

~ T 3-#7  (Min.) add : Use an even number
cl% bars ds req’d. ‘ éygghﬁob+. of bars on sqg. piers
=& — T ) it possible to avoid
= — i 1 - interference with anchc
- [} | / i 165 bolts
~ ‘ o
* AN ‘ g° ; -
<t | ~ v@‘E 5 5
; . —+ 0 - o
4 (MIn.)=#7 Bars ([) ‘ oo xIg <o e
PART PLAN Hon 9 =5 ® Pt %
~ ——— g 9 A/Q o M=
Use double stirrups if reg’'d. @ ZJm o ~
= 2-#7 (str.) ¥ —4—#T < h -
_ N;r A © (MTn. ) ()
« H ! ¥ | 4-#] T—— (Min.) 7
5 */N ‘ (Lap 18" at € col.) —
@ = - SECTION A-A
¥ Kl i s Whan Ton device Tn th
O en an expansion device N e
iR w 4€>44%<£2’§ slab 1s used at an intermediate
- | bent, all reinforcement |ocated
— 1 s entirely within the beam shal
= \& 44; © be epoxy coated. See section
- o \ \ 3.35 page 5.4 for details of
<~ 47,7\\\\* — profective coating and sloping
(Min.) (Lap | ; top of beam fo drain.
18" at © col.)
CD —Vertical reinforcement

4€>44ﬂ<%7

n column. as required

by design. Use a min.

of 1% of the gross area
of the column. (See
AASHTO 8.18.1.2.)

Add 2-#7 bars as req’d.

]
r

|

|

|

@l

® |
—

|

LJ<%4——————f—{j Same size >
12

. and no. ads

)

#4 stirrups at 127 ofs
(MTn

(Check clearance
piles)

+
To conc.

H

M

4//

{ col. reinf. (Max. ) "
—<=—Symm. abt. (Max. ) ¥k
‘ ¢ bent

PART ELEVATION PART SECTION B-B

* Add hooked reinforcement as required by design.
Xk See AASHTO Article B8.18.2.3.4 for tie requirements.

(; Al'l stirrups in beam to be the same size bar. (Use a min. spacing of 5"
6" for double stirrups), minimum stirrups are #4 at 12" cts.. and maximum
stirrups are # at 6" cts.)

Locate #4 bars ([ 1) under bearings f required.

(Not required for P/S Double—-Tee Girders.)

See development length (O0ther than fTop bars) or standard hooks in
ension. Ldh — Manual Section 2.4.

(j See lap splice class C — Manual Section 2.4.
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M #4//H<1Frp'm bars under bearing

(6" max. spa. of combined stirrups)
(Not required for double—tee structures)

Brg. PI.

Reinforcement

StTirrups

[

e o AR

L

(L —

=) /

All stirrups ([1) same bar size Extra bars
required
REINFORCEMENT UNDER BEARINGS
D #4-U bars
3"+ -4-#6 bars
() = "
(%) 34

/—Cthange =
stirrup
he?gh+44«\\ |

\

L
|
Exterior column [nterior column
TRANSVERSE BEAM STEPS (Over 37)

(Alsos steps accumulating over 37)
@D L/4 + effective "D”. but not less than theoretical
length.
( % ) See l|lap splices — Manual Section 2.4,
2-#6 bars
(straignt) Additional #4
///Aiumder brg.
B — (6”7 leg.)
#5 gt 127 —= ¢
Optional
construction 75N
RO 4 .
joint
P o

LONGITUDINAL BEAM STEPS

SLOPED BEAMS
(STEPS OVER 3”
HIGH SIDE)

cut—off + development

Revised: March 1999
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DESIGN & DIMENSIONS Pile Footings
GENERAL
Number. size and spacing of piling shall be determined by campuTting The

pile loads and applying the proper allowable overstresses.

Cases of Loading:
(AASHTD Article 3.22)

Group I and Group I1 maximum vertical loads (refer to distribution of
loads. this Bridge Manual Section).

Group 111 fThru VI wind and/or femperafure moments with applicable
vertical loads.

See Secticns 6 and 7 of 1996 AASHTO Division I-A for earthqguake
loads combined with applicable vertical loads. ()

Intfernal sfresses including the position of the shear |ine shall then be
computed.

Long narrow foofings are nof desirable and care should be taken to avoid

/

the use of an exfremely long footing 6-0" wide when a shorter footing

/

8§=3" or 9-0"” wide could be used.

Footings are to be designed for the greater of the minimum moment
requirements at the bofttom of the column, or the moments at the bottom
of The footing.

When using the load factor design method for fooftings, design fthe number
of piles needed based on the working stress design method.

(%) The design of all bridges in Seismic Performance Categories B. C & D are fo be
designed by earthquake criferia in accordance with this Bridge Manual.

PILE LOADS
P = N/n £ M/S
P — Pile Loads
N — Vertical Loads
n — Number of Piles
M — Overfurning Moment

If minimum eccentricity controls the moment in both directions,
It is necessary to use fthe moment in one direction (direction with
less section modulus of pile group) only for the footing check.

S — Section Modulus of Pile Group

(A) AASHTO Group I thru VI Loads as applicable

Max imum P
Minimum P

Pile Capacity
0 (zero)

Tension on a pile will not be allowed for any combination of forces.

Pile design force shall be calculated with consideration of AASHTO
percentage overstress factors.

(B) Earthquake Loads

Point Bearing Pile

Maximum P = Pile capacity x 2 (k)

(i.e.s for HP 10 X 42 piles, Max. P =56 X 2 = 112 tons/pile)
Minimum P = Allowable uplift force specified for piles in this
Bridge Manual Section under Seal Course Design.

(k%) Two “2” is our normal factor of safety. Under earthquake
loadings only the point bearing pile and rock capacities are
their ultimate capacities.

Friction Piles

Maximum P = Pile Capacity

Minimum P = Allowable uplift force specified for piles in this
Bridge Manual Section under Seal Course Design.

See Bridge Manual Section 3.74 for combined axial & bending sfresses
in Cast-In-Place friction piles in liquefaction areads.

Revised: Dec. 1999 ET100
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DESIGN & DIMENSIONS(CONT.)
INTERNAL STRESSES

(1) Shear Line

Pile Footings

Shear 1ine

[f the shear line is within the *712, o
column projected., the fTootTing page
may be considered satisfactory 5.7-4.
for all condifions and standard
# hairpin bars shall be used.
[f the shear line is outside of
+the column projected, the footing
must be analyzed and reinforced
for bending and checked for shear
sfTress (see fallowing sheet, this /
Bridge Manual SecTtion). ™
FootTing depths may be increased,
in lteu of reinforcement, 1+ an increase Shear |ine
wou ld be more economical
(6-0" Maximum depth, with 3" increments.)
(2) Bending
The criftical section for bending shall be taken at the face of the columns
(concentric square of equivalent area for round columns).
The reinforcement shall be as indicated for reinforced footings, except
that the standard #6 hairpin bars may be used for small footings if they
provide sufficient steel area.
(3) Distribution of Reinforcement
Reinforcement in Botftom of Footing
L = Footing Length
B = Footing Width
L] L] L] L] L] L] L]
Band Width
L
Reinforcement shall be distributed uniformly across the entire width of
footing in tThe long direction. In the short direction, fthe portion of fthe tfotal
reinforcement given by AASHTO Equation 4.4.11.2.2-1 shall be distributed
uniformly over a band widfth equal to the length of the short side of the
footing, B.
Band Width Reinforcement = 2(total reinforcement in short direction)/(B+1)

where S = tThe ratio of footing length fo width = L/B

The remainder of the reinforcement required in the short direction shall be

distributed uniformly outside the center band widfth of footing.

Reinforcement in Top of Footing

Reinforcement in the ftop of the footing shall be provided based on a
seismic analysis for Seismic Performance Categories B, C and D. This
reinforcement shall be at least the equivalent area as the bottom
steel in both directions. The top steel shall be placed uniformly
outside the column.

Revised: Sept. 2001
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DESIGN & DIMENSIONS(CONT.) Pile Footings
INTERNAL STRESSES (CONT.)

(4) Shear
(AASHTO Article 8.15.5 or 8.16.6)

The shear capdacity of footing in the vicinity of concentrated
loads shall be governed by the more severe of the following fwo conditions.

(i )Beam shear
Critical Section at “d” distance from face of column.

b = Footing width Crifical Section
Service Load
v = V/(b d)
Ve = 0.95VF' ¢
Load Factor
d

Ve =V, /(@ b d)

ve = 2.0V f'e
PART PLAN OF FODTING

(iT)Peripheral Shear

Critical Section at "d/2"” distance from face of column.

Pe = 4(d + Equiv. square column width)

Service Load L. i
—Critical Section

v = V/(b, d)
| | | ®
v =1.8Vf'c %%7%
} +
d/2 (Typ.)
Load Factor
<
3
v =V, /(@ b, d) 0
vi = 4.0 Vf'c
PLAN OF FDOTING
[T shear stress is excessive, incredse Tooting depth.
Piles to be considered for shear. (Center of piles are at or outside the

critical section.)

Revised: Dec. 1999 E7100
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DESIGN & DIMENSIONS(CONT.)

Pile Footings

127 Column 101 12”7  Column 127
(Min.) ‘ @) ‘ (Min. ) <Mm,‘> ©) ‘(me
A \
T othl T v RN iR 5 ©
[ ‘i | Ly / \i\ || |
f | L ‘ ! \
' | ! . | |
/ ! \ BGTT@FNZ | [ — Do not
i | \ per 12 \ ! batter
’/ U (For SPC A ‘ Unless
Vl\ ‘ Jinj only) (g ‘ = required
| i (7 by 8;5Tgm
(%) @ . @ (3K) (%) 8) (%K)
O 6=0"” Min. for 4 Pile Fodting
- . (37 increments)
6-0" Min. for 4 Pile Footimg FRONT ELEVATION
D (3" increments)
SIDE ELEVATION 18" 18"
Column -
cC|c
5|2
Footing - | v
O
_ / - o |
Co (I o R
‘ 1 @ ! ~ | B
% \
Seal Course
% /
SEAL COURSE
C) Min. = 1/8 x (Distance from top of beam to bottom of footing.)
@ 3-0” (Min.) & 6-0" (Max.) for steel HP piles, 14" CIP piles. AASHTO Article 4.5.6.4
shall be considered if piles are situated in cohesive soils.
3D (Mim.) and 6D (Max.) for 20" and 24" CIP piles. (D = pile diameter)
C) Indicates column diameters or column length or width on a hammer head pier.
(@ Min. = 26" or column diameter (%) (Or widfth) for friction piles for SPC A.
Min. = 3-0" or column diameter (%) (Or width) for friction piles for SPC B.C.& D.
Min. = 3-0" or column diameter (%) (0Or width) for steel piles for SPC A.
Min. = 3-6" or column diameter (%) (Or width) for steel piles for SPC B. C & D.
(B 12" for seismic performance category A and 18" for SPC B. C, & D.
C) Use vertical piles when seal course is used.
[+ horizontal thrust requires pile batter — consult fthe Structural Project Manager.

(%) For column diameters 4-0" and greater use a 4-0" min.

14" CIP piles,
and 24" CIP Piles.

(%K)

Use

Use 21"

18" fo

fo

r steel HP

r 20"

piles,

footing fthickness.
precast and prestress piles.

Revised: Mar.
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DESIGN & DIMENSIONS(CONT.)

Pile Footings

e ¢ vertical pile @

5/77I//
21_4J2_H
/ 1"
2'-0" . *7%
I
|
N
I
\ | :II Iy
¢ Pile © [ 5
) \f Edo T
Oo - [ D | [\
o Eid
Exg%;+ se} T | |
o C+ E4| — ! ! royon 5
I R R Y I
e . | I N
oY% 4+ + o I I
) — |=1|.——-a | | N
ol 1T ] R ! 5
S I_J[iI_J ! T
2 T | . ~
il |
: | &—Q Column & ¢ Bent
¢ Pile 18" | 2 14" | 18
(Min.) (k)
TYPICAL PLAN OF
3 PILE FOOTINGS
(minimum pile spacings)
NOTES:
Use 3 - piles on exterior footings only.

Use only HP 10x42 or friction piles on three pile footings.

¢ Pile

|

i

| &

ES

) -
I
|
I
I
| / "
v20 =17 1/2
(Min.)(x)
TYPICAL PLAN
(STAGGERED PILE)
(7T Pile footings shall not be used.)
C) If horizontal thrust requires pile batter - consult the Structural Project

Manager .

(%) The Maximum pile spacing is 4-0".
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Pile Footings

Seal Course 5.2

Waber Elevation
(Bl Covrse Daedign)

# TR

Futare Fooling
h
sheet Filing
-
(Typical) ”
Seal Course b
h kL J
- L A - L L
s ¥ i
26" (Ml )

Jﬁl" _4__ Fv De=ign

NOTE: All Pile Shall be Vertical.

General Requirements:

Water elevation is to be determined for the site conditions by the
preliminary design section; generally, less than the average of high and
low water.

Determine the uplift force per pile by deducting the weight of the seal
course and friction between seal course and sheet piling of cofferdam
from the uplift force produced by the hydrostatic head "h".

Use a friction value between the seal course and the sheet piling of
2 Ibs/in*acting on (perimeter x depth) of seal course.

Pile Pullout Force

Allowable uplift force per pile shall be determined by the minimum of:
AASHTO Table 4.5.6.2A
(1) The allowable friction capacity of pile = ultimate friction capacity of pile
divided by a safety factor of 3.5. Use "SPILE" program to calculate
ultimate friction capacity of pile.
AASHTO 8.16.6.2
(2) Ultimate pull-out capacity of pile due to shear failure (with maximum
shear stress of 2/f'c) divided by a safety factor of 3. See Figures 1, 2

and the following example.
AASHTO 4.5.6.6.1
Bridge Manual 3.74 page 1.1.1
(3) Maximum pullout of 20 kips for C.I.P. piles. (This is based on 33% of
the 14" CIP pile's maximum frictional pile load.)
AASHTO 4.5.7.3
(4) Maximum pullout of 0.25P, for steel pile. P is the yield axial load of
steel pile.
For C.I.P. pile, check items (1), (2), and (3) only.
For steel pile, check items (1), (2), and (4) only.

Revised: Sept. 2001 E7102
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Pile Footings

Shear Cone Failure Surface

Full Shear Cone Failure Surface

w35 deg,
4 Depth of Seal Course

For Cast-in-Place Pile For H Pile

— — A
Diepth of
Seal Course

Depth of
Seal Course
W
_Y
Surface Area = nS({r+R) Surface Area = (2a +2b +aR)S

Figure 1 — Full Shear Cone Failure Surface
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Pile Footings

Eedueed Shear Comne Falure Surface
Fi

Fe | FUTURE FOOTING  / |:_
R
Depthof & : - !
reduoced 4% DEG, : [ -
zhear cone W ISR S S R * Sheet Pile
1 l J ) ¥
i I I
For Cast-in-Place Pile For H Pile
—
-
Diepth of
45 deg, Fedhuced
Depth of Shear Cone
Reduced
Shear Cons ’
.
Reduced Reduced

Surface Area = iS(r+R) Surface Area = (2a+2b+1R)S

Figure 2 — Reduced Shear Cone Failure Surface

The reduced surface area defined in Figure 2 is a conservative value
compared to the actual reduced surface area. The geometry of the actual
surface area is time consuming and complicated to compute, so a standard
shape was chosen to ensure efficient use of the designer's time.
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Example 1 - Seal Course

Problem

Pile Footings

Check if Seal Course design is adequate.

Given
e Concrete Strength f'c= 3000 psi
e Pile spacing = 3-0"
e 12-HP10x42piles

e Area of an individual HP 10 x 42 Pile= A = 12.4in?

* Yield strength of steel F, = 36 ksi

*  Maximum axial load P, = F, (A) = 36 ksi (12.4 in®) = 446.4 kips

» Hydrostatic head h= 19
e SealCourse=12'x15x 3
* Pile embedment below seal course = 15'

|||:|

3 a
JEAL COURSE g
eI
y 3 | [CEEETeTerTee
Clay with . 1]
56 , — —_
Fine Sand 10 | |
rF [T ] | h=19"
¥y
3I
H i ¥
e, 1.1 se SPT = 44 T
. . where: SPT =
Fitie to iedin ]
Grained Sand Standrd Penwratian Tesy | _~HP 1042
/ FILE
10" |use SPT =35 Fa
15
——
3.9 use 3FT =41
| L ¥
3 3 c IR

Figure 3 — Seal Course Elevation
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Pile Footings

FUTURE FOCFTIMNG

| réu Feduced Shear Cone
| :'1 A Area
A [ '
. : -l. , n ‘_._ * .. o, '._
310 s LU DRG: 3 SN S > Sheet Pile
o "-\.: : . } M"-{‘- o ] I J"% s o o
e ore
N REL R I Point A \E
¥ |1 .’I
] / | .
“HP 10x 42
o 3o” o L 3 o
v v v

Ultimate Pull-Out Capacity

Figure 4 — Typical Shear Cone Failure Area

Baged orn Forranla in Fig. 2

=

s

=S

Point A: Intersectionaf
failure shear cones.

=

e

|'\.

Xig T e
Figure 5 — Shear Failure Area for Individual Pile
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Pile Footings

Solution

ACTUAL UPLIFT FORCE:

Uplift force of water = 12'(15"(19)(0.0624 kips/ft®) = 214kips
Weight of seal course = 12'(15')(3)(0.15 kipg/ft®) = -8lkips
Friction of sheet pile = (15'+12')(2)(3")(144)(0.002kips/in®) = _-47Kkips
Net uplift of piles = 86kips

Actual uplift per pile = 86 kips/12 piles= 7.17 kips/pile

ALLOWABLE UPLIFT FORCE:
Use the minimum of ...........

(1) Allowable friction capacity of pile:
Using "SPILE" program, the ultimate friction capacity of pile
is 53.97 kKips.
Allowable friction capacity = 53.97 kips/3.5 = 15.42 kips

(2) Allowable pullout capacity of pile due to shear cone failure:
(Reference Figures 4 & 5)

e Total Reduced Shear Cone Area for H-pile
=(2a+2b+mTR)S
=(2x9.7" +2x 10" +3.1416 x 13") x 18.38"
= 1474 in’

» Ultimate Shear Strength
=2/f'c
= 24/3000

=109.5 ps

e Total Pull-Out Capacity
= (Total Shear Cone Aread) x (Ultimate Shear Strength)
= 1474 in” x 0.1095 ksi
=161.4 kips< P, = 446.4 kips

e Allowable Pull-Out Capacity
= Tota Pull-Out Capacity / Factor of Safety
=161.4 kips/3
= 53.8 kips < 0.25P, = 0.25 x 446.4 kips = 111.6 kips, O.K.

From (1) & (2):
Allowable uplift force = 15.42 kips
Actual uplift force = 7.17 kips

1542 kips>7.17 kips  O.K.
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Pile Footings

Try seal course depth = 2'-6"

ACTUAL UPLIFT FORCE:

Uplift force of water = 12'(15')(18.5')(0.0624 kips/ft®) = 207.8kips
Weight of seal course = 12'(15')(2.5)(0.15 kips/ft®) = -67.5kips
Friction of sheet pile = (15+12)(2)(2.5)(144)(0.002 kips/in®) = -38.9kips
Net uplift of piles = 101.4kips

Actual uplift per pile = 101.4 kips/12 piles = 8.45 kips/pile

ALLOWABLE UPLIFT FORCE:
Use the minimum of ...........

(1) Allowable friction capacity of pile:
Using "SPILE" program, the ultimate friction capacity of pile
is 54.37 kips.
Allowable friction capacity 54.37 kips/3.5 = 15.53 kips

(2) Allowable pullout capacity of pile due to shear cone failure = 53.8 kips

From (1) & (2):
Allowable uplift force = 15.53 kips
Actual uplift force = 8.45 kips
15.53 kips > 8.45 kips
(Thus, using a depth of 2'-6" is an economical design.)
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REINFORCEMENT Pile Footing
UNREINFORCED FOOTING — USE ONLY IN SEISMIC PERFORMANCE CATEGORY A

FIT m=n T~ -~

// ! \
I H—
. I *
I
I
I
ELEVATION ELEVATION
(3 PILE FOOTING) (4 PILE FOOTING)
k)
] i i
b u b u
*
I i [
/ b u (I
i
#6 Hairpin Bars (Typ.)
PLAN PLAN
(3 PILE FOOTING)" (4 PILE FOOTING)
Notes:
(%) See lap splice class C (Other than top bars) - In Manual Section 2.4.

Reiforcement not required by design. Hairpins are sufficient for renforcing
requirements.

The minimum percentage of reinforcement., “P” ., is not required to be met, unless
scour is anticipated.

Use for all types of piling., except timber.
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REINFORCEMENT (CONT. ) Pile Footing
REINFORCED FOOTING - SEISMIC PERFORMANCE CATEGORY A

— By design
~ ﬁ( (#5 bars ™ T T\
= e . s . .
i

Min.)(Typ.)

44>T<ﬁf
T
Wl
0
L1
|
B

i NI

#5 pars (Min. (1) o bare ?§5d§2;§m
FRONT ELEVATION SIDE ELEVATION Min. ) (Typ.)

# bars (Min. ) (1)

1

BN
=
r
==
r
.

(K)
o 3-#5 barfs (MTmL)[TyD.J

L ]l ] L1
Il =7 =7
\
e e
By design 3—-#5 bars (Typ.)
(Min. Y{Typ.)
#5 bars (Min.)( )
PLAN
Notes:
(*) See lap splice class C (Other than top bars) — 1n manual Section 2.4.

The maximum size of stress steel allowed is #8 bars.
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REINFORCEMENT Pile Footing
REINFORCED FDOTING -SEISMIC PERFORMANCE CATEGORIES B, C & D

#6 bars (Min.
#5 bars
(Min. )y (1
< (RRK) (Typ. )
NLi
7

o

T %
w w L d ™ ‘w
. (%J[T%f By design
N B = (#5 bars I = T= I T
* - Eﬂj -~ E‘F > MR- ¢ Type ) Al =, Al s, LA e

YL Ul A SV A

#6 bars

e

#6 bors (Mim. 1(TT) (Min (D) ths e d”
FRONT ELEVATIDN SIDE ELEVATION Min- ) (Typ.)
F‘ET—'T ijp)) # bars (Min.) (1)
N\
F'H\; Jﬂ”\ FT\ r\ FT\\; JT\
U 1 LI U=
*
. A Jm FL AL
% 4 =3 T =T,
TYPICAL DETAIL >
PILE CHANNEL - i
SHEAR CONNECTOR t
# bars (Min.) (N L”rj_te
(Typ-
PLAN SHOWING TOP REINFORCEMENT
—~ N S
[ T U T Jm r | -
- LI~ 1 [ L ~
el c
= %E =
» | [}
= [ [ ! [ ! [ ! o]
2 L Lm L™ L= 3 °
© ¥
# |
Lol
By design 3-#5 Dors‘ ‘ 6"(Typ.)
(Min. ) (Typ. )
PLAN SHOWING BOTTOM REINFORCEMENT
Notes:

For reinforcement in bcttom of the footings see lap splice Class C (Other than
top bars) — In Manual Section 2.4.

(¥) For reinforcement in fop of the focting. see lap splice class C (Top bars) — In
Manual Section 2.4

(k%K) Place the top reinforcement uniformly cutside the column.

(XK¥K) Use same area of steel n the top of the footing as is required for the bottom,
The maximum size of stress steel allowed is #8 bars.

Unreinforced footings shall not be used in seismic performance categories B, C & D.
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|

Design and Dimensions

SIDE ELEVATHOM

d - column diameter

L - footing length

b - footing depth

B - footing width

A - edge distance from column

Dimensional Requirements

Spread Footings

Mz
»
4
<
e e
it &
o
v
- *

L]

FROMWT ELEVATION

L - Minimum of 1/6 x distance from top of beam to bottom of footing

(3" increments);

B - Minimum footing width is column diameter + 2A, (3" increments);

A - Minimum of 12";

b - Minimum of 30" or column diameter, Maximum of 72" at 3"
increments; (for column diameters 48" and greater use a

48" minimum footing depth.)
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Spread Footings

Design and Dimensions (Cont.)
Size

The size of footing shall be determined by computing the location of the
resultant force and by calculating the bearing pressure.

Long, narrow footings are to be avoided, especially on foundation material of
low capacity. In general, the length to width ratio should not exceed 2.0,
except on structures where the ratio of the longitudinal to transverse loads or
some other consideration makes the use of such a ratio limit impractical.

Location of Resultant Force

The location of the resultant force shall be determined by the following
equations.

The Middle 1/3 is defined as: %+%s
The Middle 1/2 is defined as: & <! and & <1

4 B 4
The Middle 2/3 is defined as : %5% and % s%

The following table specifies requirements for the location of the resultant
force.

Resultant L ocation Resultant L ocation
Soil Type Group | - VI Earthquake L oads
CategoriesB, Cand D

Clay, clay and boulders,
cemented gravel, soft

shale with allowable middle 1/3 middle 1/2
bearing values less than 6

tons, etc.

Rock, hard shale with

alowable bearing values middle 1/2 middle 2/3

of 6 tonsor more.
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Spread Footings

Design and Dimensions (Cont.)

Bearing Pressure

The bearing pressure for Group | thru VI loads shall be calculated using
service loads and the allowable overstress reduction factors as specified in
AASHTO Table 3.21.1A. The calculated bearing pressure shall be less than
the allowable pressure given on the Design Layout.

The bearing pressure for Earthquake Loads in Categories B, C, and D shall
be calculated from loads specified in AASHTO Division I-A Seismic Design,
Sections 6.2.2, 7.2.1, and 7.2.2. The seismic design moment shall be the
elastic seismic moment (EQ) divided by the modified response modification
factor R'. The modified seismic moment shall then be combined
independently with moments from other loads:

Group Load =1.0(D + B + SF+ E + EQ/R))
AASHTO Division I-A Table 3
where D =deadload
B = buoyancy
SF = stream flow pressure
EQ = elastic seismic moment
E = earth pressure
R' =R/2for category B
=1 for categories C and D

R = Response Modification Factor
= 5for multi-column bent
= 3 for single-column bent

The calculated bearing pressure shall be less than the ultimate capacity of
the foundation soil. The ultimate capacity of the foundation soil can be
conservatively estimated as 2.0 times the allowable bearing pressure given
on the Design Layout. The analysis method of calculating bearing pressures
is outlined in the following information.

Revised: Sept. 2001 E7102
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Spread Footings

See AASHTO 4.4.2 for explanation of notations.

L long direction

"
S -

B short direction

Sketch of Dimensions for Footings Subjected to Eccentric Loading

Fore,<L/6 ForL/6 <e <L/2
_ o0+ oo 2
e BL e 3B(L/2- e,)
o1 -
Qmin:TL Qmin:O’ Ll:3(L/2_eL)
e A o
b <> <
------------------------ o @ B | frr e
H Q:R Q:R
_Y
J L
P L < >
- ]
PLAN VIEW

q max

Resultant

BEARING PRESSURE

Resultant

BEARING PRESSURE

Bearing Pressure for Footing Loaded Eccentrically About One Axis
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Variables determined from AASHTO Figure 4.4.7.1.1.1C

CASE 1
o max
A k
e ¢ IE
B B e
T
? i
< L -
q max =—%— f1+ 28 %-_'1_-
CASE 1 Plan View
CASE 3
i max
- Y T
P& B f .
u ., I $
. n

ek -,
o :1“'-?_
B 3
-, - e,
i 1 'H.-_._'
S o g
-, - L g,
i R i
i e -,
- b

s
h

«

.
>

r=jn g=14+pr+1d

i1+ L(3z-r-2]
g=nllirs) g LUsor2
45

CASE 2 Plan View
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Spread Footings

CASE 2
i I
. !
4 Lot
«

-

k. x, amd ¥ from AASHTO clart

 max = EE
BL

CASE 2 Plan View

CASE 4

CASE 4 Plan View

Bearing Pressure for Footing

Loaded Eccentrically About Two Axes
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AASHTO - ARTICLE 3.22

Spread Footings

Loading Cases

Loads for Groups | thru VI shall be calculated for all bridges.

Earthquake loads shall be calculated when the bridge is in Seismic Zones B,
C, and D.

Loads for other group loadings shall be used on a case by case basis.

Reinforcement

AASHTO Atrticles 8.15.5 or 8.16.6

The footing is to be designed so that the shear strength of the concrete is
adequate to handle the shear stress without the additional help of
reinforcement. If the shear stress is too great, the footing depth should be
increased.

Shear

The shear capacity of the footings in the vicinity of concentrated loads shall
be governed by the more severe of the following two conditions.

Revised: Sept. 2001 E7102
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Spread Footings

AASHTO 8.15.5.6
Critical section at "d" distance from face of column:

Londed area to be considersd

Critical section

=
A

-:I.
- =

Equivalent Square Colunrm
Load Factor
V, =V, /(¢ bd)

V,=2/f'c

b = footing width

AASHTO 8.16.6.6
Critical section at "d/2" distance from the column:

~ Loaded area to be considered

Critical

I.l’_ I'I e sechion

Load Factor
V, =V, (¢ b,d)

V, =4f'c

b= 4(d + Equivalent square column width)
If shear stress is excessive, increase footing depth.
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Spread Footings

Bending

If the shear line is within the projected equivalent square column, the footing
may be considered satisfactory for all conditions. (minimum reinforcement
required)

If the shear line is outside of the projected column, the footing must be
analyzed and reinforced for bending and checked for shear stress.

Shear Line * LUV ALERMT S0 ARE

-_,.Ibr

SHEAR LINE

The critical section for bending shall be taken at the face of the equivalent
square column. The equivalent square column is the theoretical square
column which has a cross sectional area equal to the round section of the
actual column and placed concentrically.

Reinforcement in Bottom of Footing

The bearing pressure used to design bending reinforcement for Group | thru
VI loads shall be calculated using Load Factor Loads.

The bearing pressure used to design bending reinforcement for Earthquake
Loads in Categories B, C, and D shall be calculated from the same loads as
specified in AASHTO Division 1-A Seismic Design for ultimate bearing
pressure.

The bottom reinforcement shall be designed using ultimate strength design.

Revised: Sept. 2001 E7102
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Spread Footings

Distribution of Reinforcement

Le zmmt;g'uw-.

£ L >

L = Footing Length

B = Footing Width
Reinforcement shall be distributed uniformly across the entire width of footing
in the long direction. In the short direction, the portion of the total
reinforcement given by AASHTO Equation 4.4.11.2.2-1 shall be distributed
uniformly over a band width equal to the length of the short side of the
footing, B.

Band Width Reinforcement = 2(total reinforcement in short direction)/(3+1)
[3 = theratio of footing length to width = L/B

The remainder of the reinforcement required in the short direction shall be
distributed uniformly outside the center band width of footing.

Reinforcement in Top of Footing

Reinforcement in the top of the footing shall be provided for Seismic
Performance Categories B, C, and D. This reinforcement shall be the
equivalent area as the bottom steel in both directions. The top steel shall be
placed uniformly outside the column.

Revised: Sept. 2001 E7102
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REINFORCEMENT DETAILS — SEISMIC PERFORMANCE CATEGORY A Spread Footings

Hook fransverse @ Standard hook
bar when (all Tongituding

fransverse shear refnforcement)
line is outside
of column.

— ! - — -

(M. (Min.) 6" | . L e

Zi (Min. ) \\\gi (M7
By design, #5 bars By design. # bars

at 127 cts. (Min.) at 12" cts. (Min.)
FRONT ELEVATION SIDE ELEVATION

REINFORCEMENT DETAILS — SEISMIC PERFORMANCE CATEGORIES B, C & D

(%) (%) 6" (%) (%) 6"
-— —t —— =
(Min. ) (Min.)
3" Mip.
(Typlph
YP Hook fransverse Standard hook
. bar when ’ (Al lTongitudinal
nggsygrgiéhggr reinforcement)
| | |
) of column.
o ‘ 5
o (- D Ny D]
< C ? N |\ W
- <~
3 3 6" 6"
(MR Z{V T(Min. ) (Min.) ‘ (Min.)
By design, #5 bars By design, #5 bars
at 12" cts. (Min.) at 12" cts. (Min.)
FRONT ELEVATION SIDE ELEVATION

(%) Use same area of steel in the top of the footing as is required for
The bottom.
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